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TiTYptophan analogues as selective agents in the 
5 transformation of plants and plant cells 

TECHNICAL FIELD 
The present invention is related to the selection of 
transformed plant cells or plants. The invention also 
10 comprises plants obtained by the said method as well as DNA 
sequences useful therein. 



BACKGROUND OF THE INVENTION 
In the process of introducing a useful property into 

15 plants or plant cells by genetic engineering, it has proven 
almost unavoidable to make use of a selection marker. This 
necessity is partly related to the fact that many valuable 
properties can not be readily observed during the 
transformation process and the fact that transformation 

20 frequencies are still rather low. 

If the marker gene and the DNA sequence of interest 
providing the useful property are located on the same 
transforming polynucleotide sequence the introduction of the 
marker gene is likely to coincide with the introduction of 

25 the gene of interest. Hence, a first selection for cells that 
contain and express the marker will generally reduce the 
number of cells that have to be analysed for the presence and 
expression of the gene of interest. Obviously, this saves 
laboratory space, working hours and reduces costs 

3 0 considerably; in many cases, especially with the more 

difficult crops, transformation without selection is not 
feasible at all. 

Among the marker genes that are most widely used in plant 
transformation are the bacterial neomycin phosphotransferase 

3 5 genes ( nptl, npt ll and npt lll genes) conferring resistance to 
the selective agent kanamycin, disclosed in EP-B 131 623, and 
the the bacterial aph lV gene, disclosed in EP-A 186 425 
conferring resistance to hygromycin. 

These markers are not suitable for selection of 

40 transformants of all plant species; some plant species appear 
to be naturally resistant against the selective agents used 
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herein (Waldron, c. et a;., (1985) Plant Molecular Biology 5, 
103-108; van den Elzen, P.J.M. et^L,, (1985) Plant Molecular 

Biology i, 299-302) . 

Eukaryotic genes are also known to be used as selection 
5 markers in plants. EP-A 256 223 discloses a Glutathion-S- 
transferase gene from rat liver, conferring resistance to 
glutathion derived herbicides. 

overproduction of yeast glutamin synthetase confers 
resistance to glutamine synthetase inhibitors such as 
10 phosphinotricin, as disclosed in WO87/05327. 

EP-A 275 957 discloses the use of an acetyl transferase 
gene from g^ntomvces yi ri riochromogenes that confers 
resistance to the selective agent phosphinotricin. 

Plant genes conferring relative resistance to the 
15 herbicide Glyphosate are disclosed in EP-A 218 571. The 

resistance is based on the expression of a gene encoding a 5- 
enolshikimate-3-phosphate synthase (EPSPS) that is relatively 
tolerant to N-phosphonomethylglycine. The selective compound 
is not converted by EPSPS. 
20 in spite of the existence of a number of selectable marker 
genes that are suitable for plant species there is still a 
need for other selectable marker genes. 

CTfrTE OF THE ART 
25 Tryptophan analogues have been used to screen for 

r.fharanthus roseus cells with a high endogenous tryptophan 
decarboxylase (TDC) activity (Sasse F. et: al- , (1983) Z. 
Naturforschung Ific, 910-915) . The analogues with the most 
growth inhibitory activity were identified as 4-methyl-, 4- 
30 fluoro-, 5-fluoro-, and 5 -hydroxy- tryptophan. Cultured 
r^haranthus cells with increased resistance to 4-mT. 
contained increased levels of TDC. Therefore, the authors 
assumed that it should be possible to devise selection 
schemes for establishing plant cell cultures with higher 
35 activities of detoxifying enzymes with the purpose of 
obtaining strains with the capacity to produce increased 
levels of useful secondary metabolites. 
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The complete DNA sequence of a cDNA encoding the 
tryptophan decarboxylase (EC 4.1.1.28, formerly 4.1.1.27) of 
catharanthus roseus has been disclosed (De Luca V. et ai. , 
(1989) Proc. Natl. Acad. Sci. USA £6, 2582-2586). The cDNA 
5 encodes a protein of 500 amino acids. It was shown that this 
cDNA can be expressed in transgenic tobacco plants under the 
control of the CaMV 35S promoter (Songstad e£ ai. / (1990) 
Plant Physiol. M> 1410-1413). Transgenic tobacco plants 
showed up to 260 tiroes increased tryptamin levels due to the 

10 conversion of endogenous tryptophan. These plants seemed 
phenotypically normal. This suggests that plants expressing 
increased levels of TDC may be useful for producing 
(increased levels of) commercially important antineoplastic 
monoterpenoid indole alkaloids, vinblastine and vincristine, 

15 as suggested in International Patent Appliction, W090/10073 
published on 7 September 1990. 

Tryptophan analogues have never been used for the 
selection in the process of transforming plant cells and 
plants. The use of a plant expressible TDC gene as a 

20 selectable marker gene in a process of transforming plants 
has not been disclosed. 

SUMMARY OF THE INVENTION 

The invention provides a method for the selection of 
25 transformed plant cells comprising the steps of 

i) transforming plant cells with a recombinant polynucleotide 
comprising a plant expressible gene encoding a tryptophan 
analogue converting activity, 

ii) culturing said plant cells, or growing plant material 
30 comprising said plant cells, in the presence of a selective 

amount of a tryptophan analogue deleterious to non- 
transformed plant cells, under conditions that allow for the 
manifestation of said deleterious effect. 

A preferred plant expressible gene is one encoding 
3 5 tryptophan tryptophan decarboxylase. Still further preferred 
is a tryptophan decarboxylase gene from Cat;n?r3nthiis roseus 
or a functional derivative thereof. Most preferred is a plant 
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expressible decarboxylase gene under the control of the CamV 
35S promoter. 

• According to a preferred embodiment of the invention 
the said recombinant polynucleotide further comprises a 

5 polynucleotide sequence of interest which is a plant 

expressible gene giving rise to fungal resistance, insect 
resistance, nematode resistance, virus resistance, altered 
carbohydrate composition, altered oil composition, altered 
amino acid composition, male-sterility, modified flower 

LO color, modified fruit ripening, salt resistance, herbicide 
resistance, antibiotic resistance, production of a secondary 
metabolite, production of a pharmaceutical protein, or 
production of enzymes useful in an industrial process. 
Preferred for use as selective agents in a method 

15 according to the invention are tryptophan analogues selected 
from the group consisting of 4-methyltryptophan (4-mT) , 5- 
methyltryptophan (5-mT) , 4-fluorotryptophan (4-fT) and 5- 

hydroxytryptophan (5-hT) . 

The invention also comprises plant cells obtained by 
20 a method according to the invention, as well as plant 

material and plants harbouring such cells. Preferred plant 
parts are those selected from the group consisting of bulbs, 
flowers, fruits, hairy roots, leaves, microtubers, pollen, 
roots, seeds, stalks and tubers. 
25 A further embodiment of the invention comprises the 

use of a tryptophan analogue according to the invention for 
the selection of a transformed plant cell. 

Yet another aspect of the invention comprises the 
use of a plant expressible gene encoding an enzyme having a 
30 tryptophan analogue converting activity as a marker gene for 
the selection of transformed plant cells. 

The invention further comprises a method for 
obtaining a transformed plant comprising the steps of: 

i) transforming plant cells with a polynucleotide sequence 
35 comprising a plant expressible gene encoding a tryptophan 

analogue converting activity, 

ii) culturing said plant cells, or growing plant material 
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comprising said plant cells, in the presence of a selective 
amount of a tryptophan analogue deleterious to non- 
transformed plant cells, under conditions that allow for the 
manifestation of said deleterious effect, 
5 iii) regenerating surviving cells of step ii) into a plant, 
iv) identifying a transformed plant. 

Preferred in this method is a plant expressible gene 
encoding a tryptophan analogue converting activity is a plant 
expressible tryptophan decarboxylase gene. Still more 

10 preferred in the method is a tryptophan decarboxylase gene 
from catharanthus roseus or a functional derivative thereof. 
In a still further preferred embodiment the tdc gene is under 
the control of the CaMV 3 5S promoter. 

In a highly preferred embodiment said recombinant 

15 polynucleotide further comprises a polynucleotide sequence of 
interest. More preferably said polynucleotide sequence of 
interest is a plant expressible gene which gives rise to 
fungal resistance, insect resistance, nematode resistance, 
virus resistance, altered carbohydrate composition, altered 

20 oil composition, altered amino acid composition, male- 
sterility, modified flower color, modified fruit ripening, 
salt resistance, herbicide resistance, antibiotic resistance, 
production of a secondary metabolite, production of a 
pharmaceutical protein or production of an industrial enzyme. 

25 Another embodiment of the invention is a plant 

obtained with a method according to the invention, as well as 
progeny plants obtained after sexually or asexually 
propagating said plants. 

The invention also comprises a product obtained 

30 after the processing of a plant part of plants obtained with 
a method according to the invention. 

Another aspect of the invention is a recombinant 
polynucleotide which can be used for the transformation of 
plant cells and subsequent selection of transformed plant 

35 cells, comprising a plant expressible gene encoding a 

tryptophan analogue converting activity. Another embodiment 
of the invention comprises said recombinant polynucleotide 
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which further comprises a polynucleotide sequence of 
interest, with the proviso that said polynucleotide sequence 
of interest is not a plant expressible w£LX gene. Still 
further preferred is a recombinant polynucleotide with the 
5 proviso that said polynucleotide sequence of interest is not 
known as a selectable marker gene for use in the 
transformation of plants. A preferred recombinant 
polynucleotide according to the invention is one wherein the 
polynucleotide sequence of interest comprises a plant 

10 expressible gene which gives rise to fungal resistance, 
insect resistance, nematode resistance, virus resistance, 
altered carbohydrate composition, altered oil composition, 
altered amino acid composition, male-sterility, modified 
flower color, modified fruif ripening, salt resistance, 

15 production of a secondary metabolite, production of a 

pharmaceutical protein or production of an industrial enzyme. 

A different aspect of the invention comprises a 
recombinant plant DNA genome containing a copy of a 
recombinant polynucleotide according to the invention, as 

20 well as plants or plant cells containing such recombinant 

plant DNA genome. 

The invention also comprises a substantially pure 
DNA molecule which comprises the nucleotide sequence 
represented in SEQIDNO: 2. 
25 The advantages and the field of application will be 

readily appreciated from the following detailed description 
of the invention. 

fffiffPPTPTTON OF THE FIOTRES 
30 The following figures further illustrate the 

invention. 

Figure 1: A diagramatic representation of the cloning 
steps resulting in the binary vector pBDH5 , 
containing the iffitll gene under control of the 
35 nos promoter and terminator; the binary vector 

pTDCs containing the dh£II gene and the tdc 
sense construct; the binary vector pTDCa 
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containing the npt ll gene and the tdc antisense 
construct; 

Figure 2: Northern blot: Analysis of tdc transcript 

5 levels in transgenic Nicotiana tabacum plants 

obtained after leaf-disc transformation with 
LBA 4404 containing pBDHS (vector) , pTDCa 
(antisense), or pTDCs (sense) constructs* The 
blot was hybridised with 32 P dCTP labelled tdc 

10 cDNA: A - J represent different independent 

lines harbouring either the sense constructs 
(SENSE A - J) , the antisense constructs 
(ANTISENSE A - D) or the 'empty 1 vector pBDHS 
(VECTOR A - B) . SENSE constructs were 

15 classified as low (A, G) , intermediate (B, C, 

D, F) or high expressors (E, H, I, J). 



Figure 3: Leaf-discs of pTDCs transgenic N . tabacum 
20 plants cultured on shooting medium containing 

0, 0.05, 0.10, 0.50 or 1.00 mM 4-methyl 
tryptophan. Leaf explants were used from 
tobacco plants A, C and I containing 
respectively low (sense: L) , intermediate 
25 (sense: M) and high (sense: H) tdc transcript 

levels. As a control, leaf explants from a 
pBDHS (vector) transformed plant were used. 

Figure 4: Leaf-discs of N. tabacum treated with LBA 4404 
30 containing pTDCs (sense) , pTDCa (antisense) , 

pBDHS (vector) and leaf-discs not treated with 
Aarobacterium (- Agrob) . Selection was 
performed on 0.1 mM 4-methyl tryptophan. 



3 5 Figure 5: 



Northern blot: tide and notll transcript levels 
in transgenic plants obtained after leaf-disc 
transformation with LBA 4404 containing pTDCs 
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(sense) and subsequent selection on 0.1 mM 4- 
methyl tryptophan. 

npg ^TT.gn DESCRI PTION OF TTTR TNVEyTIQN 
5 The present invention discloses a method for the selection 
of transformed plant cells, comprising the steps of: 
i) transforming plant cells with a polynucleotide sequence 
comprising a plant expressible gene encoding a tryptophan 
analogue converting activity, 

10 ii) culturing said plant cells, or growing plant material 
comprising said plant cells, in the presence of a selective 
amount of a tryptophan analogue deleterious to non- 
transformed plant cells, under conditions that allow for the 
manifestation of said deleterious effect. The various aspects 

15 of the invention are further clarified below. Such aspects 
concern 1) the plant expressible marker gene, 2) the 
selection conditions, 3) the plant material to be transformed 
4) transformation of plant material with the said 
polynucleotide sequence 5) the polynucleotide sequence of 

20 interest. 

For a better understanding of the various ways of 
practicing the invention a number of these aspects will be 
outlined in more detail below. The enumeration is not meant 
to be limitative with respect to ways of carrying out the 

25 invention, its applicability or in any other way. 

Whenever the expression -tryptophan analogue' is used 
reference is made to tryptophan itself or a compound having a 
alkyl-, hydroxyl-, halo-, aryl-, aryloxy-, alkoxy-, or aza- 
group in the position 1, 4, 5, 6, or 7, or any combination of 

30 two or more of such groups. 

1) the plant expressible marker gene 

The expression 'plant expressible marker gene' 
refers to a polynucleotide sequence comprising the marker 
35 gene as well as the regulatory sequences required for 
expression of the marker gene in the plant cell. 

suitable marker genes that fall within the scope of the 
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invention are those which encode an enzyme having the 
capacity to convert a tryptophan analogue according to the 
invention into a different analogue with a less toxic effect 
on the plant cell. Such enzymes are not limited to 
5 decarboxylases; any other enzymatic activity having the 

capacity to convert a toxic tryptophan analogue are useful as 
long as the conversion results in detoxification of the said 
tryptophan analogue. 

The word •gene 1 as used here is meant to comprise cDNAs as 

10 well as genomic clones, as well as synthetic or partially 
synthetic analogues thereof that encode a protein; they may 
be derived from procaryotes and eucaryotes alike. 

The regulatory sequences may include promoters and so- 
called enhancers, which may drive expression constitutively 

15 or developmentally and/or environmentally regulated. Many 
promoters that are generally suitable for the expression of 
genes in plants are described in the prior art. In order to 
be useful to drive expression of the marker gene according to 
the invention it is necessary that the promoter is functional 

2 0 in the plant cell during application of selection pressure. 
Therefore, promoters generally regarded as constitutive are 
preferred, such as the CaMV 19S promoter and the CaMV 35S 
promoter, or the promoters derivable from the T-DNA of Ti- 
plasmids from Aarobacterium . although any other homologous or 

25 heterologous promoter that meets the requirements set out 
above may be used. It will be understood by those skilled in 
the art that promoters obtainable from endogenous plant genes 
are suitable as well. 

The selectable marker gene will generally comprise a so- 

30 called terminator sequence, including a polyadenylation 
signal, for proper expression of the marker gene. Said 
terminator may be homologous cr heterologous to the said 
gene. Sources of suitable terminators sequences are well 
known to those of skill in the art. 

35 

2) the selection conditions 

The selection conditions r.ay vary depending on for 
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instance the choice of the tryptophan analogue and the choice 
of the plant material used. 

Obviously, tryptophan analogues that are less toxic to a 
particular plant cell may need a higher concentration to 
5 obtain an effective selection of a transformed cell, whereas 
those that are more toxic require a lower concentration. 
Likewise a higher concentration of the trytophan analogue .ay 
be used if the plant material to be transformed is less 
susceptible to the analogue, or if it is obtained from a 
10 plant already showing some degree of tryptophan analogue 
converting activity. 

An amount of a tryptophan analogue is said to be selective 
if it is capable of reducing the increase of fresh weight of 
plant cells as compared to the increase of fresh weight m 
15 medium to which no tryptophan analogue has been added. 

Preferably, the selective amount of the tryptophan analogue 
effectively kills all non-transformed cells while transformed 
cells are not affected at all. In practice such a situation 
will rarely exist and for each type of plant material the 
20 optimal conditions have to be determined in which 

increase of fresh weight of non-transformed plant material is 
inhibited as much as possible while the toxic effect to 
transformed cells remains within acceptable limits. 
Obviously, when transformed cells should give rise to whole 
25 plants, the regener^ive capacity of the cells must not be 
affected by the concentration of the selective agent used. 

Tryptophan analogues which have a toxic effect on plant 
cell growth are inSSE alia. L-tr yP tophan, D-tryptophan, «- 
methyltryptophan, N-methyl-L- tryptophan, l-methyltryptophan, 
30 4-methyltryptophan, 5 -methyl tryptophan, 6 -methyl tryptophan, 

4- fluorotryptophan, 5-f luorotryptophan, 6-fluorotryptophan, 

5 - hydroxy tryptophan, 5-methoxy tryptophan, 5- 
benzyloxytryptophan and 7-azatryptophan. Whether or not a 
tryptophan analogue can in fact be converted by TDC from 

35 r^ranthus Epsejis can be determined by a number of 
techniques, the choice of which <s not crucial to the 
invention; one such method is disclosed by Sasse e£ , 
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(1983), supra . If the tryptophan analogue is found to be 
converted by TDC the tdc gene from Catharanthus roseus can be 
used as marker gene. If desired a tryptophan decarboxylase 
gene may be used from another plant or even from non-plant 
5 origin as long as it encodes a tryptophan decarboxylase 
capable of converting and (partly) detoxifying the used 
tryptophan analogue. Different plant species may produce a 
tryptophan decarboxylase with a different substrate 
specificity as compared to the TDC from Catharanthus roseus . 

10 If desired, an enzymatic activity different from a 

decarboxylase may be selected, as long as the tryptophan 
analogue is converted into a non- or less toxic compound. A 
gene encoding the said enzymatic activity can be used as 
selection gene using a tryptophan analogue that can be 

15 converted by the said enzymatic activity. 

Especially preferred as selective agent is the tryptophan 
analogue 4 -methyl tryptophan, preferably in a concentration 
range between 0.1 and 0.5 mM. More preferably, said selective 
agent is used in combination with a tryptophan decarboxylase 

2 0 gene as marker gene. Most preferably said tryptophan 

decarboxylase gene is a tdc gene derived from Catharanthus 

Determination of the optimal conditions such as the 
selective amount and stage of exposure for each tryptophan 
25 analogue or plant material used should be well within the 
skill of the average worker in the area of technology to 
which this invention pertains. 

3) The plant material to be transformed 

30 For the purpose of this invention the expression 'plant' 
is not limited to species used in agriculture, floriculture 
or horticulture, but also includes such species used in 
activities such as gardening, forestry and the like. 

The plant material used in the transformation process may 

35 vary due to inter alia the plant species to be transformed, 
the method of transformation, the nature of the plant 
material, such as protoplasts, cultured cells, pollen, leaf 
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tissue, embryonic tissue and the like, origin of the plant 
ferial, ^ monocotyledonous or 

necessity and the capacity of regenerating the plant material 
in a full grown transformed plant and the like. For each 

--naitivitv to a particular tryptophan 

5 plant material the sensitivity p viller 

analogue may be determined by making a so-called killer 
curve; the optimal tryptophan analogue may be selected by 
charing different analogues at a fixed 
subseo^ently selecting the optimal analogue. The optimal 

- a + the analogue of choice may be determined by 

10 concentration of the analogue ^.-----n* =taaes 

testing a concentration range, optionally m different stages 

of the selection process. 

4) transformation of plant material with the said 
IS polynucleotide sequence 

The expression transformation with a polynucleotide 
sequence refers to the various ways of introducing a 
recombinant polynucleotide directly or indirectly into a 
plant cell to the effect that uptake of the polynucleotide 
,0 seouenc. by the said plant cell is achieved, whereby the 
genotype of said plant cell is modified. Transformation 
regulfrly involves the exposure of plant cells in culture, or 
more or less organised in a. a tissue or callus phase, by 
incubating cells or tissue with so-called 'naked 
25 polynucleotide sequences, bombardment of cells or tissue «th 
microprojectile. carrying the polynucleotide 
microinjecting a solution containing the polynucleotide 
sequence into cell, or tissue, incubating or contacting a 
plant cell or tissue with bacteria or viruses capable of 
30 transferring a polynucleotide sequence to the plant and the 
like 

Transformation methods that may be used include but are 
not limited to the calcium/polyethylene glycol method for 
protoplasts (Krens, F.A. si il- , Nature 214, 72-74, 

35 Negrutiu I. *£ si, June 1M7, Plant Mol. Biol., 

electroporation of protoplasts (Shillito R.D. aS Si 19*5 
Bio/Technology 2, 1099-1102) , microinjection into plant 
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material (Crossway A. et al., 1986, Mol. Gen. Genet. 202 , 
179-185) , (DNA or RNA-coated) particle bombardment of various 
plant material (Klein T.M. et al. , 1987, Nature 3£7, 70), 
infection with viruses and the like. 
5 In a preferred embodiment of the invention use is made of 
Aarobacterium -mediated DNA transfer. Especially preferred is 
the use of the so-called binary vector technology as 
disclosed in EP-A 120 516 and U.S. Patent 4,940,838). 

After administering the transforming polynucleotide (s) to 

10 the plant material using any of the above methods, 

transformed cells obtained and selected according to the 
invention may be used as such, for instance for the 
production of a pharmaceutical compound in cell suspension 
cultures. Transformed plant cells may also be used to 

15 generate a whole new plant. The available method is itself 
not critical to the invention as long as uptake of the 
administered genetic material into the plant cell and 
integration of (a copy) of the genetic material into the 
genome of the plant cell is obtained, and the said plant 

20 material is amenable to regeneration into a whole new plant. 
The choice of the technique will depend on the particular 
type of plant material used, and the preference of the 
skilled worker. 

Especially preferred as plant material are leaf-discs 

25 which can be readily transformed and have good regenerative 
capability (Horsch R.B. g£ al., (1985) Science 221, 1229- 
1231) . 

The use of the marker gene according to the invention is 
not limited to any particular transformation or regenaration 
30 method, although the optimal conditions may have to be 
determined for each different method used. 

5) the polynucleotide sequence of interest 
Often the polynucleotide sequence of interest comprises a 
35 gene encoding a protein, and the necessary regulatory 

sequences such that upon expression of the gene the protein 
is produced in a plant or plant cell at the desired stage and 
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15 



at the desired site in the plant. The polynucleotide sequence 
of interest may also comprise genes which can be expressed in 
the form of an RNA sequence which does not encode protein, 
such as antisense genes, ribozyme genes and the like. The 
polynucleotide sequence of interest not necessarily needs to 
be capable of being transcribed; it may as well be a 
recognition sequence that can be recognized by proteins, e^ 
a recombinase, a nuclease and the like, or by man, serving as 

a genetic label. 

More specific examples of plant expressible genes of 
interest include, but are not limited to, those that give 
rise to fungal resistance (International Patent APPl-ation 
WO90/07001; EP-A 440 304), insect resistance (EP-A 159 884) , 
nematode resistance (EP-A 352 052), virus resistance (EP-A 
223 452), altered carbohydrate composition (WO90/12876; EP-A 
438 904), altered oil composition (EP-A 225 377), seed 
storage proteins with altered amino acid composition (EP-A 
208 418) , male sterility (EP-A 329 308) , modified flower 
color (EP-A 335 451), delayed fruit ripening (»°'V01375) 
salt resistance (W09 1/06651) , herbicide resistance (EP-A. 
571; EP-A 369 637), production of pharmaceutical products 
(EP-A 436 003) , production of enzymes that can be used xn 
industrial processes and the like. 

Usually the process of transformation is eventually 
followed by identifying the cells having obtained the 
functional polynucleotide sequence. 

The identification of cells having obtained the functional 
polynucleotide sequence can be done in several ways depending 
on the inherent property of the functional polynucleotide 
, sequence. If the functional polynucleotide sequence is not 
expressed in the form of a RNA sequence or a protein an 
evaluation of the presence of the functional polynucleotide 
sequence may be done using a hybridisation technique; e^u 
Southern blotting, or PCR analysis on genomic 
5 DNA. If the functional polynucleotide sequence is expressed 
in the form of an RNA molecule the presence of such molecule 
ffia y be determined using i*ter a^ea a hybridisation technique 
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referred to as Northern blotting. If the functional 
polynucleotide sequence is expressed in the form of a protein 
a technique referred to as Western blotting can be used. If 
the protein has an enzymatic activity its presence may be 
5 analysed using an enzyme test. In some cases the presence of 
the polynucleotide sequence of interest need not be analysed 
on the molecular level, but may be concluded from the 
phenotype of the transformed plant; e.g. enhanced disease 
resistance, altered flower color, male-sterility, herbicide 

10 resistance, and the like. In the case of herbicide resistance 
the presence of the polynucleotide sequence of interest can, 
if desired, be selected for. 

The findings that led to the present invention are 
outlined below for purposes of illustration. 

15 A binary vector was constructed containing a tdc cDNA from 
Catharanthus roseus under control of the CaMV 35S promoter as 
an example of a marker polynucleotide sequence and the n^tll 
gene from E. coli under control of the nos promoter as an 
example of a* polynucleotide sequence of interest; pTDCs. This 

20 binary vector was used in Aarobacterium tumefaciens mediated 
transformation of Nicotiana tabacum. via a leaf-disc . 
transformation procedure. 

Using 4 -methyl tryptophan (4-mT) as selective compound it 
was found that explants of tobacco plants transformed with 

25 pTDCs survived selection, gave rise to shoot formation and 
could be regenerated into whole plants on a medium containing 
up to 0.5 mM 4-mT. Explants of tobacco plants that did not 
contain the pTDCs construct (control plants) turned pale and 
eventually died. Virtually no explants of the control plants 

30 escaped from selection. 

To check for the presence of the polynucleotide sequence 
of interest the surviving shoots were transferred to a medium 
containing 100 mg/1 kanamycin. All transferred shoots showed 
normal growth and rooting on this medium indicating that the 

35 plants did not only contain the marker but also the qe£H 

gene. This was confirmed on Northern blots which showed that 
the mRNAs from both genes were present in the 4-mT resistant 
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cells. 

These results exemplify that a tryptophan analogue can be 
used as selective compound in the selection of plants or 
plant cells having obtained a polynucleotide sequence of 
5 interest, using a gene encoding a tryptophan analogue 

converting activity as a marker. It should be understood that 
although the plant expressible nfiill gene can be used as a 
selectable marker gene for plant transformation it was used 
as a typical plant expressible gene of interest. Thus, it 

10 will be appreciated by those of skill in the art that xn 
principle any plant expressible gene, including those that 
are not selectable marker genes, can be introduced into a 
plant cell similar as illustrated for the np£ gene m the 
this example. Examples of such plant expressible genes of 

15 interest have been referred to above together with the 
references where their isolation and characteristics were 
described. 

Although the use of the tryptophan analogue converting 
activity as a marker has been illustrated in more detail for 
20 genetic transformation, those skilled in the art will 
appreciate that the selectable marker according to the' 
invention can also be used in classical breeding and for the 
production of hybrid varieties and so forth. 
All references cited in this specification are indicative of 
25 the level of skill in the arts to which the invention 

pertains. All publications, whether patents or otherwise, 
referred to previously or later in this specification are 
herein separately incorporated by reference. 

The Examples given below are just given for purposes 
30 of enablement and do not intend in any way to limit the scope 
of the invention. 

FVPFBTMENTAL 

Tryptophan . H ?ffa T-boxv1 ase assay 
35 Tryptophan decarboxylase activity was determined according 
to Pennings E.J.M. et a3,. f (1987) Anal. Biochem. 1£5_, 133- 
136. Protein determinations were performed according to 
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Bradford, M.M. et al. , (1976) Anal. Biochem. 7£, 248. 

Purification of TDC isolated from C atharanthus roseus cell 
suspension cultures 
5 Cell suspensions of c. roseus were grown for 5 days on 
induction medium (Knobloch K.H. and Berlin J. (1980) 2. 
Naturforsch. 35c, 551), harvested, frozen in liquid nitrogen 
and either stored at -80 # C or used immediately for 
purification of TDC. Partially purified TDC (estimated purity 

10 about 20%) was obtained after ammonium sulphate 
precipitation, anion exchange and size exclusion 
chromatography as described by Pennings, E.J.M. et al., 
(1989) Journal of Chromatography 483 . 311-318). After size . 
exclusion chromatography, fractions containing TDC activity 

15 were pooled. The fractions were adjusted to Laemmli sample 
buffer conditions and boiled for 5 min. The samples were 
subjected to preparative SDS PAA gel electrophoresis on 3 mm 
thick discontinuous gels consisting of a 3.75% stacking gel 
and a 10% separation gel according to Laemmli, U.K. et al. , 

20 (1970) Nature 221$ 680-685. After electrophoresis, gels were 
stained for 90 min. in 10% acetic acid, 40% methanol, 0.1% 
coomassie brilliant blue R250 and destained for 60 min. in 
10% acetic acid, 10% methanol. The 47kD TDC monomer band was 
sliced out of the gel and soaked in water. Electroelution of 

25 the TDC protein from the gel fragments was performed 
according to Hunkapillar M.W. et al . (1983) Methods in 
enzymology £1, 227-236) . Recovery of the TDC protein after 
electrophoresis and electroelution as determined by 
analytical SDS PAA gel electrophoresis was estimated to be 

30 90%. 

Preparation of antiser Mm against TDC 

Eluate samples containing 150 m1 of Freund's complete 
adjuvant (Gibco) were injected subcutaneously in two New 
35 Zealand white rabbits. Booster injections, eluate samples 
containing 75 M9 of denatured TDC emulsified with 600 jxl of 
Freund's incomplete adjuvant, were administered three times 
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at two-week intervals. The rabbits were bled two weeks after 
the last injection. Blood samples were left at room 
■ temperature for several hours and centrifuged at «- <« 
"minutes. The clear supernatant wa, harvested and stored at 
5 -20-C. Antibody titers were determined by Enzyme linked 
Immunosorbent Assay (ELISA) . 

^lls of a Dynatech micrctiter pl.t. were coated -erniaht 
10 at Tc with o.l « of purifi.d d.natured TOO in 100 Ml JK05J 
carbon.t. buff.r pK .... After rinsing plates were incubated 
for 1 hour with phosphate buffered .aim. (*BS 140 - HaCl. 
20 mK Ha- P hosphate pH ,.4, containing 1* gelatin and 0^05* 
Tween 20 at 37-c and rinsed again. Antiserum diluted in 
« PBS/gelatin/Tween was added and incubated for 2 hour, at 
37-C. The wells were rinsed again and goat anti-rabbit 
globulins conjugated with alkaline pho.ph.t..e (Sigma AS025, , 
looo fold diluted in PBS/g.latin/Tw..n wa. added. 
incubation for 2 hours at 37-C and rinsing, 0.5 m,/»l of the 
20 substrate paranitrophenylphosphate dissolved » 10% 

diethanolamin. pH — • The ™°«°\™ St ^* * 

adding 1 volume of 1 N NaOH. The ab.orbance at 405 n» was 
measured in a Titertek multiscan photometer. 

25 rirnrt Hi < -* r<al 

ftir .fh»r a nthus rssass 

cell suspension cultures of c^jsssua L. (0. Don) were 
grown in 15 medium (Linsmayer si il., Fhysiologxc. 
plHtarum it, 1=0-127, containing 2 mg/l l-napht.»l«.. acetic 

30 tid (NAA) i 0.2 m,/l kin.tin ««» «* -»».^™ £ 
27 -c on a Runner Lab-shaKer with a shaking dimeter of 5 cm 
at 95 rpm under a 12 hour light/dark regime. Subculturxng was 
^formed every 10-12 days by 10-fold dilution of the ce Is 
In fresh medium. Induction of TDC activity » 

35 transferring 10 days old cells to induction medium XM, as 
de.cribed by Berlin sijU (Berlin J. St il- , z - 
Naturforsch. 38C, 346) . 
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Hairy root cultures of C. roseus were subcultured every week 
in modified Gamborg B5 medium (Gamborg O.L. et a^. , (1968) 
Exp. Cell. Res. 50, 151-158). The concentration of 
macronutrients and the CaCl 2 concentration were lowered 
5 respectively four and two times. 

Catharanthus seeds ( Vinca rosea , variety Morning mist) 
were obtained from Kieft (Blokker, Holland) , and grown in the 
greenhouse at 23 'C under a 12 hour light/dark regime. 

10 Nicotiana tabacum 

Nicotiana tabacum . cv Petit Havanna SRI plants were grown in 
vitro on solidified MS medium (Murashige, T. et al. , . (1962) 
Physiol. Plant. 15., 473-497) containing 30g/l sucrose at 27*c 
with 12 hours illumination each day. 

15 

DNA-rcethp<fl<?l9qy 

DNA isolation, subcloning, restriction analyses and 
sequencing were performed using standard procedures well 
known to persons skilled in the art, vide e.g. Maniatis et 
20 ai. , 1982. Molecular Cloning: A Laboratory Manual (Cold 
Spring Harbor, NY: Cold Spring Harbor Laboratory) . 

Northern blot analysis 

Total RNA from green tissues of in vitro plants was 

25 isolated according to Van Slogteren, G.M.S. et al. . (1983) 
Plant Molecular Biology g, 321-333. RNA was glyoxylated, 
electrophoresed on 1.5% agarose gels and transferred to 
Genescreen membranes using the capillairy blot method. The 
cloned tdc cDNA was 32 p labeled with random primers (Prime- 

30 it kit, Stratagene) and hybridized to the blot in 5x SSPE, 
50% formamide, 0.5% SDS at 42 After 60-65 hours, filters 
were washed in O.lxSSPE, 5% SDS at 65'C for 15 min. and once 
in 0 • SxSSPE at room temperature for 5 min. Hybridization was 
visualized by exposing the RNA blots at -80 # C for 1-3 days to 

35 Fuji-RX films mounted on Kyokko-LHII intensifying screens. 

DNA, RNA and protein sequencing 
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Deletions of the EcoRI inserts of P CCR2 and P CCR19 were 
generated from both 5' and 3' ends using the ExoIII/Mung- 
bean system (Promega) . The resulting deletion constructs were 
completely sequenced by the dideoxy chain termination method 
5 (Sanger, P. tfcjJL. , (1977) Proc. Natl. Acad. Sci. USA 74, 
5463-5467) . Both strands were sequenced over their entire 
length. RNA sequencing was performed according to Geliebter, 
J. ££_aU, (1987) Focus 2il, 5-8). Sequence data were 
analysed using the University of Wisconsin Genetics Computing 

10 Group programs. 

Protein sequencing was performed at the Max Planck 
Institut fur Molekulare Genetic in Berlin. 

*~u* r r * ■ygaf-di ^ transformation 

The leaf-disc transformation procedure was essentially as 
described by Horsch g£_al., SUPia. Nlcnl-lniw tabacum SRI 
leaf-discs were incubated for 20 minutes in 90 ml MS 10 
medium (MS 10: MS medium containing 0.1 mg/1 naphthalene 
acetic acid (NAA) and 1.0 mg/1 benzylaminopurine (BAP) ) 
supplemented with 10 ml of ^rnh»ct«rjum tn™«faciens strain 
LBA 4404 grown overnight in LC (Maniatis ei al. , 1982, 
SUEra) , harbouring the binary vectors with the various DNA 
constructs. Leaf explants were blotted dry and placed upside 
down on MS 10 medium. After 48 hours, explants were 
transferred to MS 10 medium containing 100 mg/1 cefotaxime, 
100 mg/1 vancomycin and 100 mg/1 kanamycin or 0-lmM 4-methyl 
tryptophan for selection of transgenic shoots. 



15 



20 



25 




30 Tsolatio 



A rvM^Turtioii ~* » T»bd-cMl *»r P r*ssion rpNft Ubrary 

Total RNA was isolated fron a suspension culture of 
n^.^hn. rcseus cultured on induction medium for 24 
35 hours. Poly A* RNA was isolated as described by van Slogteren 
«t al. (1983), suEra- with a ir.inor modification; binding 
buffer was used to wash loaded oligo (dT) -cellulose columns. 
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First strand cDNA synthesis was as described by Maniatis et 
al . (1982) , supra . Second strand synthesis was according to 
Gubler and Hoffman (1983) Gene 25 > 263-269) with ommision of 
DNA ligase and B-NAD. Phosphorylated EcoRI linkers 
5 (Pharmacia) were ligated to double stranded (ds) cDNA 

according to Maniatis et al. . (1982), supra . Linked ds cDNA 
was Eco RI digested, size selected by chromatography on 
Sepharose CL-4B and cloned in the Eco RI site of lambda-gtll 
(Promega) . After packaging (Promega packaging mix) and 

10 infection of the host strain E. coli Y1090 (Promega, O.D. 
*0.6, grown in LC containing 0.2% maltose and lOmM MgS0 4 ) 
2.32x10 s pfu//ig lambda-gtll were obtained of which 82% were 
recombinant. The cDNA library was amplified according to 
Huyng, T.V. et al. . (1985) DNA Cloning, a practical approach 

15 I, 49-78. 

B. Screening of the cDNA library 

After amplification, 2x10 s plaques were screened with 
polyclonal antiserum raised against denatured TDC. Phages 

20 absorbed to Escherichia coli Y1090 were plated in 8 ml top- 
agarose on LC medium in 14,5 cm diameter petridishes and 
incubated at 37 *C. A maximum of 2 0.000 plaques were plated on 
each petridish. After 3.5 hours (no plaques were visible), 
nitrocellulose filters (Schleicher and Schuell) saturated 

25 with lOmM IPTG (air-dryed) were placed on top of the agarose. 
The plates were incubated for another 3.5 hours and placed 
overnight at 4 e C. After marking the position with a needle 
and ink, filters were lifted from the agarose (now plaques 
were visible) and washed extensively in TBST (lOmM Tris-HCl 

30 pH3.0, 150mM NaCI, 0.05% Tween 20) to remove agarose 
remnants . 

To saturate nonspecific protein binding sites, filters 
were incubated for 30' in TBST containing 1% gelatin. The 
filters were transferred to a solution containing 1000 fold 
35 diluted TDC antiserum in TBST and incubated overnight at room 
temperature. The antiserum was preincubated with 0.5 mg/ml 
Y1090 protein extract to reduce the background produced by 
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anti E cell antibodies. After rinsing the filter, in TEST 

n ee^ £ =r nation continued for ... in 1.75.. 

diluted second antibody alKaline-phosphatase conjugate. Again 
the filters were rinsed in TEST followed by a color react.cn, 
performed according to Promega (Protoblot tmmunoscreenin, 
system, technical manua!) . This reaction was '"'^ 
replacing the substrate solution with KM Trxs, 1 mM P " 



8.0. 



10 r. ghara^ -e^ization and, 

scre .nlng of about 200,000 initial transformants . 

resulted in the isolation of 7 positive clones. Purification 
of the lambda phages and isolation of their insert revealed, 
15 that 5 clones contained an insert of about 1600 bp and 2 
clone, contained an insert of about 830 bp; both types of 
insert, did not cross hybridise. The ln,.rts were subcloned 
in the.Sso.HI site of a bluescript SK vector CStratagene, 
resulting in pcc*2 (=a. 160. bp insert) and pCCP.19 (ca. .30 

20 bp insert,. Northern blot analysis revealed, that the inserts 
of pCCR2 and PCCE19 correspond both with a mFMA of 
approximated 1700 nucleotide,, a si« expected for Ma 

open northern blot analysis, it was observed that levels 
of Lna hybridising to pCCR2 were r.i,.d in oil suspends 

25 from fiailaranaai rsssaa grown on induction medium as 
compared to cells grown in non-induction medium; no 
diff.«nce. were observed using the pCCR19 insert «!«*•• 
Thi, induction is in accordance with the aajojro. synthesis of 
tryptophan decarboxylase in cell ,u,p.n,ions of C WtMl « 

30 described by Koe, W. aSjU, (1985) Planta ifil, 500-504). 

Hence, we concluded that the insert of pCC*2 could correspond 

with a £££ cDNA. 

Both strands of the P CCR2 insert were sequenced using 
subclones and deletions generated by E*o.III and Hung bean 
35 nuclease digestions ( Pr omega ) . 

The pCCR2 insert contained an open reading frame lacxing a 
startcodon, indicating that an incomplete cDHA clone had been 
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obtained. The missing sequences were determined by primer 
extension on poly A* RNA (See Experimental Part of this 
specification) . The determined nucleotide sequence is given 
in SEQIDNO: l. This sequence reveals two putative translation 
5 start codons; the ATG starting at position 60 (first ATG) and 
the ATG starting on position 90 (second ATG) as indicated in 
SEQIDNO: 1. 

N-terminal sequence analysis of the purified 47kD TDC 
monomer revealed that the isolated protein starts with the 

10 amino acid sequence: Ser-Pro-Val-Gly-Glu-Phe-Lys-Pro-Leu, 
corresponding with nucleotide position 99 to 125 in SEQIDNO: 
1. Since both ATG codons are in frame and we did not know 
whether the mRNA is translated from the first or the second 
ATG we decided to use the second ATG as translation start 

15 codon in our constructs. 

To complete our tdc cDNA fragment we set out to synthesise 
an oligonucleotide encoding the missing amino acid residues 
spanning nucleotide position 90 to 125 (SEQIDNO: 1) , flanked 
by a Sai l and Eco RI restriction site, and an artificially 

2 0 introduced Nco l site. We finally obtained the oligonucleotide 
sequence as depicted in SEQIDNO: 2. 

This oligonucleotide sequence contains a point mutation 
corresponding with position 93 in SEQIDNO: 1, creating a Nco l 
site; the point mutation changes codon 2 from TCC encoding a 

25 Serine residue into GCC encoding a Alanine residue. Due to an 
error in DNA synthesis also codon 10 (AAG) encoding a Lysine 
residue was changed into AAT encoding an Asparagine residue. 

EXAMPLE 2 

30 Constructi on of the binary vectors pBDHS. pTDCs and pTDCa 
The wide host range expression vector pBDHS was 
constructed by deleting the Sail restriction site from a 
Binl9 binary vector (Bevan, M. et al. . (1984) Nuc. Acid Res. 
12, 8711-8721) and inserting a 35S CaMV expression cassette 

35 from pDH51 (Pietrzak, M. et al. , (1986) Nuc. Acid Res. 14, 
5857-5868) as an Eco RI fragment (figure 1). The obtained 
construct in which the CaMV 3 5S promoter has the same 
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orientation as the nos promoter of the no£II gene (pBDH5) was 
used in further cloning procedures. 

The synthetic Sail - EcoRI fragment depicted in SEQ ID NO: 
2 was cloned in P IC20H (Marsch, J.L. §±J^, ("84) Gene 32, 
5 481-485). The incomplete td£ cDNA fragment of pCCR2 was 
cloned as SsaRI fragment, using the EsaRI in the coding 
region starting at position 135 in SEQIDNO : 1, behind the 
synthetic SSlI-ESfiRI fragment, yielding P IST6 (Figure 1) . The 
completed tdc cDNA was excised as Sail - ZbfiX fragment Old! 

10 SEQ ID NO: 3) and cloned in both orientations in the Sail 
site of the P BDH5 binary vector resulting in pTDCs (sense 
construct) and pTDCa (antisense construct) (figure 1) . The 
binary vectors were electroporated to ftqrobacterium 
^ffllMi strain LBA 4404 as described by Mattonovich, D. 

15 «fc al. . (1989) Nuc. Acid Res. H, 6747) resulting in LBA4404 
( P BDH5) , LBA4404 (pTDCs) and LBA4404 (pTDCa) respectively. 

fly&MPLE 3 

n^^^r, n t td c *™n« fl anlc nlants? Kanamycin ge^ectign 

20 Leaf-disc transformation of Nirotiana tabacum and 
subsequent selection on 100 mg/1 kanamycin resulted in 
transgenic plants harbouring T-DNA (transferred DNA) derived 
from P BDH5 (empty vector) , pTDCs (sense construct) and pTDCa 
(antisense construct) £d£ gene constructs, hereinafter 

25 referred to as pBDHS, pTDCs and pTDCa respectively. Levels of 
tdc mRNA were determined in green tissues of the obtained 
transgenic plants. Plants harbouring pTDCs displayed at least 
a 10-fold variation in tflc. mRNA accumulation between the best 
(tobacco line E) and the worst expressors (lines A and G) 

30 (figure 2). Longer exposure times of the blot clearly show 
the presence of tdc mRNA in the plants A and G. Four out of 
ten plants (B, C, D and F) had an intermediate level of £dc 
mRNA, while the same number of plants showed a strong 
expression (E, H, I and J) . No tdc mRNA could be detected in 

35 plants harbouring the pBDH5 and pTDCa plasmids. 

Of- 5 plants (A, B, E, F and J) harbouring the pTDCs 
constructs TDC activities were determined (Table 1) . These 
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data show that the overexpression of tdc cDNA in tobacco 
tissues results in TDC activity, which is normally not 
present in tobacco plants. Plant E showing the highest tdc 
mRNA level also showed the highest TDC enzyme activity. 



Table 1: TDC activities in tdc transgenic Nicotiana tabacum 
plants. 

15 TDC activity 

pkat/mg protein 

SENSE A 
B 

20 E 
F 
J 

ANTISENSE 
VECTOR 

25 

Table 1:TDC activities, as determined by HPLC analysis, in 
pBDH5 (vector) , pTDCa (antisense) or pTDCs (sense) 
transformed N. tabacum plants. 

30 g%ftM?LS 4 

Sensitivity of leaf explants from tdc transformed tobacco 

plants to 4-methvl tryptophan 
To determine the sensitivity of the £fic transgenic 
Nicotiana tabacum plants for 4 -methyl tryptophan, leaf 
35 explants were incubated on shooting medium (MS 10) containing 
0, 0.05, 0.1, 0.5 and 1 mM 4 -methyl tryptophan. Explants of 
three tdc transgenic tobacco plants were tested (pTDCs; A, C 
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and I) displaying low, intermediate and high £d£ transcript 
levels respectively. As a control, leaf explants from pBDHS 
transformed plants were tested. After 6 weeks, shooting of 
the explants was scored relative to the amount of shooting 
5 obtained on medium without 4 -methyl tryptophan. 

Explants from the pTDCs-I (high £d£ transcript level) 
transformed plants gave rise to shoot formation on medium 
containing up to 0.5 mM 4-mT although some reduction in 
shooting frequency was observed at this concentration (figure 

10 2). Explants of pTDCs-A (low £dc transcript level) gave rise 
to shoot formation up to 0.1 mM 4-mT. Higher concentrations 
of 4-mT resulted in reduced or absence of shooting. 
The plant with an intermediate tdc mRNA expression (pTDCs-C) 
also showed intermediate sensitivity to 4-mT. From our 

15 experiments we observed that there seems to be a better 

correlation between £fls mRNA levels and sensitivity to 4-mT 
as opposed to TDC enzyme levels and sensitivity to 4-mT. We 
therefore concluded that the enzyme assay is not very 
sensitive; only large differences in TDC enzyme levels allow 

20 to predict differences in sensitivity to 4-mT. 

When cultured on ImM 4-mT, none of the explants harbouring 
the tdjj sense construct gave rise to substantial shoot 
formation. 

Nearly all explants of the pBDH5 transformed plants turned 
25 pale and died on medium containing 4-mT. Some explants 

cultured on 0.05 and 0.1 mM 4-mT gave rise to a few "escape- 
shoots. Those shoots predominantly arose from explants 
containing main-nerve tissue. 

30 TgXMfftE 5 

^ r ^ a Hnn Q f tra r ^onir nlants ihItw tflc as marker and . 
ealerHna on A-V ^Y 1 tryptophan 
Based on the shooting capacity of tdj: transgenic leaf- 
discs on 4-mT containing MS 10 medium, an experiment was 
35 performed using tdc as selection marker in Ni r ptlana tabacurn 
leaf -disc transformation. Leaf explants of N. tabacurn . SRI 
were cocultivated with LBA 4404 containing the tflc/rort H 
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constructs. After 48 hours leaf-discs were incubated on MS 10 
medium containing 0.1 mM 4-mT. After 6 weeks the explants 
were scored for shoot formation. 

Leaf explants incubated with LBA 4404 (pTDCs) gave rise to 
5 abundant shoot formation on medium containing up to 0.1 mM 4- 
mT (figure 4). Explants cultured on medium containing 0.5 mM 
4-mT showed a reduced and delayed shooting response. No shoot 
formation was observed on medium containing 1 mM 4-mT. 
Control plates, containing explants treated with LBA4404 

10 (pTDCa) (antisense), LBA4404 (pBDH5) or leaf-discs not 
treated with Aarobacterium at all, did not give rise to 
substantial shoot formation. Some "escape 11 shoots were formed 
out of main nerve tissue from explants cultured on 0.05 and 
0.1 mM 4-mT as expected from our data. 

15 All the obtained shoots from leaf explants cultured on MS 
10 medium supplemented with 0.1 mM 4-mT were excised and 
grown on MS medium containing 0.1 mM 4-mT. On further growth, 
all plants derived from leaf-disc transformation without 
Aarobacterium or with LBA 44 04 containing pBDH5 and pTDCa 

20 turned pale and died. Of 30 transgenic shoots derived from 
the transformation of leaf-discs with LBA 4404 containing 
pTDCs, 24 shoots (80%) showed normal growth on medium 
containing 0.1 mM 4-mT. Six shoots died on this medium, which 
is in accordance with the number of escape shoots formed on 

25 the control plates. In our hands, these data were comparable 
to those obtained with leaf-disc transformation experiments 
using kanamycin as selective agent. 

To establish whether the npt ll gene was transferred to the 
plant cells, the surviving shoots were transferred to medium 

30 containing 100 mg/1 kanamycin. All transferred shoots showed 
normal growth and rooting on this medium suggesting the 
plants to be transformed with both the tdc gene and the nptll 
gene. Transcript levels of both genes were determined in 6 
shoots by Northern blot analysis (figure 4). It appeared that 

35 the npt ll gene was transferred and expressed to the plant. 
From these data we conclude that 4-mT can be used as a 
selective agent for the efficient selection of transformed 
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plane cells using th, tdc gene as a marker gene. 

SEQUENCE LISTING 

5 INFCSMATION FOR SEQ ID NO: 1: 

(X) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1731 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 
10 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA to mRNA 
(iii} ORIGINAL SOURCE: 
1 (A) ORGANISM: catharanthus roseus 

(E\ STRAIN: G. don 

v. (D) DEVELOPMENTAL STAGE: Suspension cells 

(iv) IMMEDIATE SOURCE: 

(A) LIBRARY: lamba gtll 

(B) CLONE: pCCR2 
(v) FEATURE: 

20 (A) NAME/KEY: CDS 

(B) LOCATION: 60.. 1559 

(vi) FEATURE: . 

(A) NAME/KEY: polyA_signal 

(B) LOCATION: 1708.. 1713 

25 (vii) SEQUENCE DESCRIPTION: SEQ ID NO: 1. 

CTCTCTCIAA GACTFrCTCT CTCTACACAT ACAOCTACAC CAGAAAAAAG AAAAAAATA 

SS2222S2S2B222SS 

5222222222222222 

20 25 

Arg Met Val Asp Fhe lie Ala Asp Tyr Tyr uys 
35 40 

50 55 

-r.^. ah« err* rai CCA. CTT GAC GAC ATC ATG AAA GAT 
GAAAOCGCTCCTTACCICCTCGAAC^Crc^^ 

Glu Thr Ala Pro Tyr Leu. Pro Glu Pro Leu Asp Asp lie QQ 
65 70 

S2SSSS2SSSSSSSK 

85 

TTT TAT GCA TTT TTT CCT GCC ACT GTT AGT TCA GCT GOC TTT TTA GGA 



30 



35 



59 
107 

155 

203 

251 



347 



395 
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Hie Tyr Ala Phe Phe Pro Ala Thr Val Ser Ser Ala Ala Phe Leu Gly 
100 105 110 

GAA AIG TTG TCT ACT GCC CPA AAT TCA GTA GGC TTT ACT TGG GIT TCT 443 
5 Glu Met Lsu Ser Thr Ala Leu Asn Ser Val Gly Phe Thr Trp Val Ser 
115 120 125 

TCA OCA GCC GCC ACC GAA TTA GAA AIG ATT GIT AIG GAT TGG TIG GCT 491 
Ser Pro Ala Ala Thr Glu Leu Glu Met He Val Met Asp Trp Leu Ala 
10 130 135 140 

CAG ATC CTT AAA CIC CCC AAA TCT TTC AIG TTT TCA GCT ACC GCT GGC 539 
Gin He Leu Lys Leu Pro Lys Ser Phe Met Phe Ser Gly Thr Gly Gly 
145 150 155 160 

15 

GGC GTC ATC CAA AAC ACC ACT AGC GAG TCC AIT CTT TGT ACA ATC ATT 587 
Gly Val He Gin Asn Thr Thr Ser Glu Ser He Leu Cys Thr He He 
165 170 175 

20 GCC GCC CGG GAA AGG GCC CIG GAG AAG CTC GCT CCC GAT ACT ATT GGA 635 
Ala Ala Arg Glu Arg Ala Leu Glu Lys Leu Gly Pro Asp Ser He Gly 
180 185 190 

AAA CTT CTC TCT TAC GGA TCC GAT CAA ACC CAT ACC AIG TTC CCC AAA 683 
25 Lys Leu Val Cys Tyr Gly Ser Asp Gin Thr His Thr Met Phe Pro Lys 
195 200 205 

ACT TGC AAA TIG GOG GGA ATT TAT COG AAT AAT ATT AGG TTA ATA OCT 731 
Thr Cys Lys Lau Ala Gly He Tyr Pro Asn Asn He Arg Leu He Pro 
30 210 215 220 

ACE ACC CTC GAA AOG GAT TTC GGC ATC TCA OCT CAA GTT CIA OGA AAA 779 
Thr Thr Val Glu Thr Asp Phe Gly He Ser Pro Gin Val Lai Arg Lys 
225 230 235 240 

35 

AIG GTC GAG GAT GAC GIG GOG GCC GGA TAT GTA COG CIG TTC TTA TGC 827 
Met Val Glu Asp Asp Val Ala Ala Gly Tyr Val Pro Leu Phe Leu Cys 
245 250 255 

40 GCT AOC CIG GCT ACC ACC TOG ACC AOG GCT ACC GAT CCT GIG GAC TCA 875 
Ala Thr Leu Gly Thr Thr Ser Thr Thr Ala Thr Asp Pro Val Asp Ser 
260 265 270 

CTT TCT GAA ATC GCT AAC GAG TTT GCT ATT TGG ATC CAC GIG GAT GCT 923 
45 Leu Ser Glu He Ala Asn Glu Phe Gly He Trp He His Val Asp Ala 
275 280 285 

GCT TAT GOG GGA AGC GCC TCT ATA TCT CCC GAG TTT AGA CAT TAC TTG 971 
Ala Tyr Ala Gly Ser Ala Cys He cys Pro Glu Phe Arg His Tyr Leu 
50 290 295 300 

GAT GGA ATC GAA OGA GIT GAC TCA CIG ACT CIG ACT OCA CAC AAA TGG 1019 
Asp Gly He Glu Arg Val Asp Ser Lsu Ser Lbu Ser Pro His lys Trp 
305 310 315 320 

55 
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10 



20 



25 



leu Leu Ala Tyr Lai Asp Cys Thr cys i* 3 35 
325 3JU 

340 343 

r » r mrp AAT TOG CAA ATC GCA 

&SS2£$Sg£S$""3 a,,,a " M * 

355 360 

«««»S522$2S££2££ 

Thr Gly Arg Lys Hie Arg ser lsu ^ 3go 
370 375 

- %,-rTi qwj vpp OGT TCT GAC GTC GCA ATS 

Tyr Gly Val val Asn Leu GUi Ser His lie Arg y 400 

385 390 

420 425 
435 440 

S2SSS2SSSSSSSSSS 

450 455 

lie Tyr Met Leu Arg Leu Ala Val Gly Ser ser imu 480 
465 470 

' 2asssss2£S s ™ s S s 

485 



45 



Leu Lys Glu Ala 
500 



GCiEAiTCTr i^ftGRGnr mwkkaag iss^nGiftfc flcornsrps 

TTimUl VJ BS CA. 



1067 
1115 
1163 

1211 

1259 

1307 

1355 

1403 

1451 

1499 

1547 

1599 

1659 
1719 
1731 



55 
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INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGIH: 61 base pairs 

(B) TYPE: nucleic acid 
5 (C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: cEMA to mRNA 
(iii) HYPOTHETICAL: YES 
(iv) ORIGINAL SOURCE: 
10 (C) INDIVIDUAL ISOLATE: synthetic oligonucleotide 

(v) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 11.. 61 
(vi) FEATURE: 

15 (A) NAME/KEY: misc feature 

(B) LOCATION: 1..6~ 
(D) OTHER INFORMATION: /labels Sail 
(vii) FEATURE: 

(A) NAME/KEY: misc_feature 
20 (B) LOCATION: 56.. 61 

(D) OTHER INFORMATION: /labels EcoRI 
(viii) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

25 GTCGACAGCC ATG GCC AAT TCT CCA GTT GGA GAA TTT AAT OCA CTT GAA 49 
Met Ala Asn Ser Pro Val Gly Glu Phe Asn Pro Leu Glu 
15 10 

GCT GAG GAA TTC 61 
30 Ala Glu Glu Phe 
15 



INFORMATION FOR SEQ ID NO: 3: 
35 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1652 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: both 

40 (ii) MOLECULE TYPE: cDNA to mRNA 

(Ui) HYPOTHETICAL: YES 
(iv) ORIGINAL SOURCE: 

(A) ORGANISM: Catharanthus roseus 

(B) STRAIN: G. don 

45 (D) DEVELOPMENTAL STAGE: Suspension cells 

(v) IMMEDIATE SOURCE: 

(A) LIBRARY: laroba gtll 

(B) CLONE: pCCR2 
(vi) FEATURE: 

50 (A) NAME/KEY: misc feature 

(B) LOCATION: 1..6* 

(D) OTHER INFORMATION: /label- Sail 
(vii) FEATURE: 

(A) NAME/KEY: CDS 
55 (B) LOCATION: 11.. 1480 



oucrr 
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15 



20 



25 



30 



35 



40 



(viii) FEAHJBE: . _ . ^ 

(A) IOME/KEY: misc_feature 

fBi IOCATI0N: 56.. 61 , . 

in oiHER INFORMATION: /label- EcoFI 
5 (ix) SBJJENCE DESCRIPTION: SEQ ID NO:l: 

■«««g££E2SS22£S2£ 

1 5 

10 ,«* «r r&T OCT ATG GTA GAT TIC MA GOC 

GCT GAG GAA TIC OA AM CAA GCC Off CGT ATC ^ ne ^ 

Ala Glu Glu Phe Arg Lys Gin Ala His Arg net ^ 

15 20 

„ in TAT COS CTC err AGC gaa gtc gaa 

££2££S2S2S«.-a-:«.*i*; 

30 35 

«"S22££22S£S2'22 

Pro Gly Tyr Ibu Arg Lys Arg ne «a 60 

»m- r.aT ATT CAG AAG GAT ATT ATC CCA 
GAA CCA CTT GAC GAG ATC ATC AAA GAT ATT CAG AAG 
Glu Pro Leu Asp Asp lie Met Lys asp xxe 75 

ssssssssssssssss 

so 85 

£222222222222222 

. /-rm ijct TCA CCA GOC GCC ACC GAA TTA 

Asn Ser Val Gly Etoe Tnr Trp Val Ser ser «o iu. ^ 

110 115 

£222222222222222 

130 iJ3 

2222222252222222 

45 145 150 

£222252222222222 

160 165 

50 «««««££SS2SS22S2 

Glu Lys leu Gly Pro Asp Ser ne wy 1* igg 
175 180 



49 



97 



145 



193 



241 



289 



337 



385 



433 



481 



529 



577 



625 
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Asp Gin Thr His Thr Met Hie Pro Lys Thr cys Lys Leu Ala Gly He 
190 195 200 205 

TAT COG AAT AAT ATT AGG TEA ATA CCT ACG ACC GTC GAA ACS GAT TEC 
Tyr Pro Asn Asn He Arg Leu He Pro Thr Thr Val Glu Thr Asp Rie 
210 215 220 



673 



10 



GGC ATC TCA OCT CAA GIT CIA OGA AAA ATG GIC GAG GAT GAC GIG GOG 
Gly lie Ser Pro Gin Val Leu Arg Lys Met Val Glu Asp Asp Val Ala 
225 230 235 



721 



GCC GGA TAT GIA COG CIG TIC TEA TGC GCT ACC CIG GCT ACC ACC TOG 769 
Ala Gly Tyr Val Pro Leu Phe Leu Cys Ala Thr Leu Gly Thr Thr Ser 
240 245 250 

15 

ACC AOS GCT ACC GAT OCT GIG GAC TCA CTT TCP GAA ATC GCT AAC GAG 817 
Thr Thr Ala Thr Asp Pro Val Asp Ser Leu Ser Glu He Ala Asn Glu 
255 260 265 

20 TTT GGT ATT TGG ATC CAC GIG GAT GCT GCT TAT GOG GGA AGC GQC TCT 865 
Phe Gly He Trp He His Val Asp Ala Ala Tyr Ala Gly Ser Ala Cys 
270 275 280 285 



25 



30 



35 



ATA TCT CCC GAG TTT AGA CAT TAC TIG GAT GGA ATC GAA OGA CTT GAC 913 
He Cys Pro Glu Ehe Arg His Tyr Leu Asp Gly He Glu Arg Val Asp 
290 295 300 

TCA CIG ACT CIG ACT OCA CAC AAA TGG CEA GTC GCT TAC TEA GAT TGC 961 
Ser Leu Ser Leu Ser Pro His Lys Trp Leu Leu Ala Tyr Leu Asp Cys 
305 310 315 

ACT TGC TTG TGG GTC AAG CAA CCA CAT TTG TEA CEA AGG GCA CIC ACT 1009 
Thr Cys Leu Trp Val Lys Gin Pro His Leu Leu leu Arg Ala Leu Thr 
320 325 330 

AOG AAT OCT GAG TAT TEA AAA AAT AAA GAG ACT GAT TEA GAC AAA GIT 1057 
Thr Asn Pro Glu Tyr Leu Lys Asn Lys Gin Ser Asp Leu Asp Lys Val 
335 340 345 



40 GIG GAC TTC AAA AAT TGG CAA ATC GCA AOG GGA OGA AAA TTT OGG TOG 1105 
Val Asp Hie Lys Asn Trp Gin He Ala Thr Gly Arg Lys Phe Arg Ser 
350 355 360 365 

CIG AAA CTT TGG CIC ATT TEA OCT AGC TAT GGA GTE GTE AAT TEA GAG 1153 
45 Leu Lys Lsu Trp Leu He Leu Arg Ser Tyr Gly Val Val Asn Leu Gin 

370 375 380 



50 



55 



ACT CAT ATE OCT TCT GAC GTC GCA ATG GGC AAA ATG TTC GAA GAA TGG 1201 
Ser His He Arg Ser Asp Val Ala Met Gly Lys Met Phe Glu Glu Trp 
385 390 395 

GTE AGA TCA GAC TCC AGA TTC GAA ATE GIG (TEA COG AGA AAC TTT TCT 1249 
Val Arg Ser Asp Ser Arg Phe Glu He Val Val Pro Arg Asn Phe Ser 
400 405 410 
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CTT GTT TGT TIT AGA TIA AAA CCT GAC GTT TOG AGT TEA CAT GTA GAA 1297 
Su val Cys Phe Arg Leu Lys Fro Asp Val Ser Ser Leu His Val Glu 
415 420 425 

5 GAA GTG AAT AAG AAA CTT TTG GAC ATG CTT AAC TOG AOG GGA CGA CTT 1345 
Glu Val Asn Lys Lys Leu Leu Asp Met Leu Asn Ser Thr Gly Arg Val 
430 435 440 

TAT ATC ACT CAT ACT ATT GTG GGA GGC ATA TAG ATG CTA AGA CTG GCT 

* 450 455 HW 

GTT GGC TCA TCG CTA ACT GAA GAA CAT CAT GTA CGC CGT GTT TGG GAT 
vS Sy Ser Ser Leu Tnr Glu Glu His His Val Arg Arg Val Trp Asp 
15 465 470 4/3 

TTG ATT CAA AAA TEA ACC GAT GAT TTG CTC AAA GAA GCT TGATGAATAA 

Leu He Gin Lys Leu Thr Asp Asp Leu Leu Lys Glu Ala 
480 48 5 490 

20 GEAAGGGTTT TrYFTXMiTE TCTTTTIAAA TTTEAIATTr GCTGATTGirT TGAAGAGTTT 1550 

AAAAKTAAftG TGATTTGTAA AGGTTEATTG TACTCAAACA ATCATGCAAT TAATEATATG 1610 
25 TATTAATTAT GACATGAGAA TAAAATAGAA ITJUilflHIG CA 1652 



1393 



1441 



1490 
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CIAIMS 

1. A method for the selection of transformed plant cells, 
comprising the steps of: 

i) transforming plant cells with a recombinant polynucleotide 
5 comprising a plant expressible gene encoding a tryptophan 

analogue converting activity, 

ii) culturing said plant cells, or growing plant material 
comprising said plant cells, in the presence of a selective 
amount of a tryptophan analogue deleterious to non- 
10 transformed plant cells, under conditions that allow for the 

manifestation of said deleterious effect. 

2. The method of claim 1, wherein said plant 
expressible gene encoding a tryptophan analogue converting 

15 activity is a plant expressible tryptophan decarboxylase 
gene ♦ 

3. The method of claim 2, wherein the said tryptophan 
decarboxylase gene is the tdc gene from Catharanthus roseus 

20 or a functional derivative thereof. 

4 . The method of claim 3 , wherein said decarboxylase gene is 
under the control of the CamV 3 5S promoter. 

25 5. The method of anyone of the claims 1 to 4, wherein said 

recombinant polynucleotide further comprises a polynucleotide 
sequence of interest. 

6. The method of claim 5, wherein said polynucleotide 
30 sequence of interest is a plant expressible gene which gives 
rise to fungal resistance, insect resistance, nematode 
resistance, virus resistance, altered carbohydrate 
composition, altered oil composition, altered amino acid 
composition, male-sterility, modified flower color, modified 
35 fruit ripening, salt resistance, herbicide resistance, 

antibiotic resistance, production of a secondary metabolite, 
production of a pharmaceutical protein, or production of an 
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10 



15 



enzyme that can be used in an industrial process. 

7. The method of any one of the claims 1 to 6, wherein the 
said tryptophan analogue is 4 -methyl tryptophan. 

8. A plant cell obtained by a method of any one of the claims 
1 to 7. 

9. Plant material harbouring a cell of claim 8. 

10. Plant material obtained by growing a plant cell of 
claim 8. 

11. A plant part harbouring a cell according to claim 8, 
which part is selected from the group consisting of bulbs, 
flowers, fruits, hairy roots, leaves, microtubers, pollen, 
roots, seeds, stalks and tubers. 

12. A plant regenerated from a cell of claim 8. 

13. A plant part derived from a plant according to claim 
12, which part is selected from the group consisting of 
bulbs, flowers, fruits, hairy roots, leaves, microtubers, 
pollen, roots, seeds, stalks and tubers. 

25 , _ 

14. A product obtained after the processing of a plant 

part of claim 13. • 

15. Use of a tryptophan analogue for the selection of a 
30 transformed plant cell. 

16. Use of a plant expressible gene encoding an enzyme 
having a tryptophan analogue converting activity as a marker 
gene for the selection of transformed plant cells. 

35 

17. A method for obtaining a transformed plant 
comprising the steps of: 



20 
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i) transforming plant cells with a polynucleotide sequence 
comprising a plant expressible gene encoding a tryptophan 
analogue converting activity, 

ii) culturing said plant cells, or growing plant material 

5 comprising said plant cells, in the presence of a selective 
amount of a tryptophan analogue deleterious to non- 
transformed plant cells, under conditions that allow for the 
manifestation of said deleterious effect, 

iii) regenerating surviving cells of step ii) into a plant, 
10 iv) identifying a transformed plant. 

18. The method of claim 17, wherein said plant 
expressible gene encoding a tryptophan analogue converting 
activity is a plant expressible tryptophan decarboxylase 

15 gene. 

19. The method of claim 18, wherein the said tryptophan 
decarboxylase gene is the tdc gene from Catharanthus yoseus 
or a functional derivative thereof. 

20 

20. The method of anyone of the claims 17 to 19, wherein 
said recombinant polynucleotide further comprises a 
polynucleotide sequence of interest. 

25 21. The method of claim 20 , wherein said polynucleotide 
sequence of interest is a plant expressible gene which gives 
rise to fungal resistance, insect resistance, nematode 
resistance, virus resistance, altered carbohydrate 
composition, altered oil composition, altered amino acid 

30 composition, male-sterility, modified flower color, modified 
fruit ripening, salt resistance, herbicide resistance, 
antibiotic resistance, production of a secondary metabolite, 
production of a pharmaceutical protein, or production of an 
enzyme that can be used in an industrial process. 

35 

22. The plant obtained with a method of any one of the 
claims 17 to 21. 
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23. Progeny plants obtained after sexually or asexually 
propagating a plant of claim 12 or 22. 

5 2 4 A recombinant polynucleotide which can be used for 

the transformation of plant cells and subsequent selection of 
transformed plant cells, comprising a plant expressible gene 
encoding a tryptophan analogue converting activity. 

10 25 The recombinant polynucleotide of claim 24, which 

further comprises a polynucleotide sequence of interest, with 
the proviso that said polynucleotide sequence of interest is 
not a plant expressible nafcll 9 ene * 

15 26. The recombinant polynucleotide of claim 24, with the 
proviso that said polynucleotide sequence of interest is not 
known as a selectable marker gene for use in the 
transformation of plants. 

20 27 The recombinant polynucleotide of claim 26, wherein 

the polynucleotide sequence of interest comprises a plant 
expressible gene which gives rise to fungal resistance, 
insect resistance, nematode resistance, virus resistance, 
altered carbohydrate composition, altered oil composition, 

25 altered amino acid composition, male-sterility, modified 
flower color, modified fruit ripening, salt resistance, 
production of a secondary metabolite, production of a 
pharmaceutical protein or production of an industrial enzyme. 

30 28 A recombinant plant DMA genome containing a copy of 

the recombinant polynucleotide of any one of the claims 24 to 

27. 

29. A plant or plant cell containing the recombinant 
35 plant DNA genome of claim 28. 

30. A substantially pure DNA molecule which comprises 
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